Introduction
A s sex ph ero m on es of brow n algae, characteris tic o doriferous C n -hydrocarbons such as dictyop teren es (B, C ' and D ' in Fig. 1 ) have been iden tified from som e genera of m arine brow n algae (Jaenicke, 1977; B oland et al., 1987) . They are thou g h t to be key constituents of ocean smell and attractive stuffs for perfum e or flavor (M oore et al., 1974) .
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Preparation o f essential oil by S D E and exam ina tion o f the seasonal variation in dictyopterenes and the Cjj-related com pounds
To find the best season for analyses o f contents and com positions of all the p h ero m o n e-related C n-com pounds, the co n ten ts of d ictyopterenes (3 and 4) and dictyoprolenes ( l a and 2a) in the essen tial oil from fronds o f D P w ere analyzed every m onth throughout a year. The essential oil was p repared according to S D E (sim ultaneous distilla tion extraction) (Schultz et al., 1977) . F rozen D P fronds ( 1 0 0 g fr.wt.) w ere hom ogenized w ith dis tilled w ater ( 2 0 0 m l), and the hom o g en ate con taining the internal stan d ard (I. S., 50 ^imol of tri decane and n -heptanol, respectively) was im m ediately subjected to SD E for tw o hrs with n-pentane-dichlorom ethane (2:1 v/v, 50 ml) as an extraction solvent. The extract was dried over N a2 S 0 4 and co n cen trated at 40 °C. The essential oils thus obtained w ere analyzed by G C p e r form ed with a Shim adzu G C-14B ( 
Preparation o f essential oils by solvent extraction
For analyses of com positions and optical p u rit ies of dictyopterenes and the proposed biosyn thetic interm ediates such as dictyoprolenols and their acetates (dictyoprolenes), essential oils w ere prepared by solvent extraction as well; 300 g of frozen m arine algae fronds w ere hom ogenized in 1 liter of n-pentane solution containing 30% of m ethanol, and digested for two weeks in the dark at 15 °C . The pentane layer was separated, and the m ethanol layer was extracted with n-pentane twice and com bined with the p entane layer. The com bined pentane extract containing I. S.
( 1 0 0 [imol of tridecane and n-heptanol, respec tively) was w ashed with brine, dried over N a2 S 0 4, concentrated at 40 °C and passed through a florisil colum n (50 g) with «-pentane and eth er (200 ml and 100 ml, respectively). The eluate was again concentrated to give an essential oil. The % yields (g/g fresh weight) from DP, D L , D U and D. sp. w ere 4.77 x 10~3, 4.01 x 10~3, 3.65 x 10" 3 and 3.13 x 1 0 -3, respectively.
Identification o f volatile com pounds
The essential oils were analyzed by G C and GC-MS. G C analysis perform ed with a Shim adzu GC-14B on a capillary colum n of D B -W A X (colum n 0.25 mm x 60 m ; flow rate of H e 33.5 cm/min; colum n temp. 80 °C (10 m in) to 220 °C at a rate of 3 °C/min). GC-M S analysis was carried out under the same condition on a Shim adzu GC-M S QP5050A (Japan) equipped with D B-W A X . The ionization energy was 70 eV. M ost peaks w ere identified by com parison of reten tio n tim es and their mass spectra with those of authentic com pounds. D ictyoprolenol (1), neodictyoprolenol (2), dictyoprolene (la ), neodictyoprolene (2 a) and dic tyopterenes (3 -6 ) w ere p rep ared as rep o rte d p re viously (Y am am oto et al., 1999; K ajiw ara et al., 1980) . The retention tim es and mass spectra (m lz (relative intensity, % )) of dictyopterenes (3 -6 ) and the proposed interm ediates (1, 2) and their acetates (la , 2 a) were coincided with those of the authentic samples. 
E x a m in a tio n o f o p t ic a l p u r it i e s o f d ic ty o p te r e n e s , th e p r o p o s e d in te r m e d ia te s a n d th e ir a c e ta te s
The essential oil was fractionated on silica gel 60 N (M erck) with n -p en tan e and 50% diethyl eth e r solution to afford a dictyopterenes fraction (containing 3 -6 ), an interm ediates and their ace tates fraction (containing 1 , 2 , l a and 2 a), respec tively. The dictyopterene fraction was concen trate d in v a c u o and ch rom atographed on 17% A g N 0 3-silica gel 60 N (5 g) with 50 ml of npen tan e containing 5% eth e r to give fractions con taining 3, 5, 4 and 6 , in o rd e r of elution. Except for the fraction containing 6 , each one was concen trate d appro p riately and subjected directly to a chiral G C analysis using Lipodex (M acherey-N agel, G erm any) 0.25 (colum n 0.25 mm x 50 m ; flow rate of H e 33.5-32.0 cm/min; colum n temp. 120 °C hold). The fraction containing 6 was con cen trated in a m icrotube and 0.05 ml (0.5 (.irnol) of 10 m M tridecane (m ethanol soln.) was added as a standard. A fter estim ation of the actual am ount of 6 , an equivalent am ount of hydrazine m onohy drate was added to the tube slowly at 0 °C and stood for 10 min. T hen the m ixture was poured into 0 . 1 ml of cooled brine in an ice bath, extracted with 0 . 2 ml of diethyl ether, concen trated to give 3, which was subjected directly to the chiral G C as described above (see Fig. 2 ). O n the o th er hand, the interm ed iates and th eir acetates fraction was co ncen trated in v a c u o and applied to preparative TLC (M erck, G erm any). It was developed with npen tan e containing 2 0 % diethyl e th e r to separate an acetate fraction containing l a and 2 a. and an alcohol fraction containing 1 and 2. G C analyses of th eir optical purities were perform ed with CP- Fresh fronds of D P was hom ogenized with 90 ml of phosphate buffer (pH 7.0) containing 0.5% (w/ v) Triton X-100 (A ldrich, U. S. A .) and filtered through 4 layers of gauze. The crude enzym e solu tion (15 ml) thus o btained was incubated with dic tyoprolenols ( 50 jimol of ( ± ) -l and 50 (irnol of (± )-2 ) as substrates at 15 °C for tw o hrs. A fter I. S. (50 [xmol of tridecane and 50 fxmol of n-heptanol) in 2 0 ml of eth er w ere added to the reaction mix ture, it was centrifuged at 2 0 0 0 rpm for 1 0 min. The eth e r layer was separated, w ashed with brine, dried over N a2S 0 4, and co n centrated in v a c u o at 0 °C. The residue was passed through a florisil col um n (W ako, Japan) with n-pentane. C ontents and enantiom eric com positions of products in the eluate w ere analyzed as described above by chiral G C analysis of dictyopterenes and the possible in te r m ediates.
Results and Discussion
Identification o f volatile co m pounds including neodictyoprolenol and neodictyoprolene in D. latiscula and D. sp.
Volatile com ponents in th e essential oils p re pared by an ap p aratu s for S D E from D. latiscula and D. sp. w ere analyzed for th e first tim e (Ta ble I). W ith D L , 3 0 volatiles including 3, 4 and 1, and in D. sp., 3 2 volatiles including 3, zo n aren e and a-cad in en e as m ajor com pounds w ere id e n tified, respectively. The oil yield o f D. sp. 
Com position and optical purities o f dictyopterenes and the possible intermediates
If the ability to form algal sex pherom ones, dic tyopterenes, varies developm entally, th e co n ten ts of dictyoprolenes (la , 2 a) and dictyopterenes (1 , 2) should change through the seasons. Thus, each am ount of 3, 4, 1, 2, l a and 2a was traced in the essential oil p rep ared from fronds of D. prolifera by SD E through a year (Fig. 3 ) . A lthough 1 and -A -
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nificantly having a m axim um am ount at June, which corresponds to the period of spore form a tion. R eferring to this trace of C i r com pounds, fronds of four species of Dictyopteris w ere col lected in June, and com positions and optical p u rit ies of constituents th eir essential oils were an a lyzed (Table II) . All sam ples w ere analyzed by G C and the results sum m arized in Table II Fig. 2 ).
E xam ination o f enzym atic conversion o f dictyoprolenols to dictyopterenes in D. prolifera
A lthough a possible biogenesis of dictyopter enes in fem ale gam etes of brow n algae (Stratm ann et. al., 1993; K ajiw ara er. al., 1993 a; K odam a et. al., 1993 b) and in a fresh w ater diatom (P ohnert er. al., 1996) have been rep o rted , an alternative biosynthetic pathw ay for (15,2/?)-3 and (15,2Ä)-4 via the pro p o sed interm ediates (S)-dictyoprolenols ((S )-l, (S)-2 ) has not been investigated in d e tail as yet. The p rep aratio n from fresh fronds of D P was incubated with synthetic ( ± ) -l and (± )-2 as substrates, which w ere p rep ared according to the m ethod previously rep o rted (Y am am oto et. al., 1999) . The contents and enantiom eric com posi tions of products w ere analyzed by G C (Table II) . A s seen in Table III , (S )-enantiom ers in racem ic substrates add ed ( 1 and 2 ) w ere selectively con sum ed. W ith the h e a t-treated prep aratio n , an enantioselective decrease of the added substrates w ere not observed. Thus, the decrease of 1 and 
